To determine the prevalence of food addiction in a large Brazilian non-clinical sample. Sociodemographic and psychopathological correlates of food addiction as well as associations with quality (QoL) domains were also investigated.
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Introduction
Evidence indicates that the consumption of highly processed, energy-dense food may be accompanied by functional alterations in brain reward system networks and neurotransmitter pathways (for example, dopaminergic and opioidergic systems) that also subserve putative neurobiological responses to drugs of abuse (Volkow et al., 2016; Volkow et al., 2013a) .
Furthermore, it has been increasingly recognized that a subset of individuals may develop food addiction, a construct that encompasses behavioral features of eating that are also evident in people with substance use disorders (SUDs), including impulsivity, impaired control, functional impairment, and tolerance and withdrawal . A self-report instrument referred to as the Yale Food Addiction Scale (YFAS) was developed based on DSM-IV-TR criteria for substance dependence (Gearhardt et al., 2009b) . The YFAS has been validated across several languages and cultures, and evidence to date supports its robust psychometric properties, which are indicated by an adequate internal consistency reliability, a single-factor structure, and adequate convergent and discriminant validities compared to related constructs (e.g. weight cycling and binge eating) (Gearhardt et al., 2009a, b; Meule and Gearhardt, 2014) . More recently, up-dated versions of the YFAS (i.e., the YFAS 2.0 and the briefer mYFAS 2.0) were developed to reflect DSM-5 criteria for SUDs Schulte and Gearhardt, 2017) . Both the YFAS 2.0 and the mYFAS 2.0 instruments display consistent and adequate psychometric properties Schulte and Gearhardt, 2017) .
A recent meta-analysis found a weighted prevalence of food addiction as assessed with different versions of the YFAS of 19.9%, with most included studies conducted in the US (Pursey et al., 2014) . However, heterogeneity across studies was high (prevalence range: 5.4% to 56.8%), with higher prevalence rates observed in studies that included clinical samples seeking M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 2 treatment for overweight/obesity, as well as in studies with a higher prevalence of females in the sample (Pursey et al., 2014) . Importantly, none of the component studies of this meta-analysis were conducted in low and middle-income countries (LMICs) (Pursey et al., 2014) . Furthermore, relatively few studies have investigated the prevalence of co-occurring mental disorders and psychopathological correlates among individuals with food addiction. Available evidence suggests that food addiction is associated with a higher prevalence of depressive and anxiety symptoms (Chao et al., 2017b; Gearhardt et al., 2009b; . The association of food addiction and alcohol and nicotine use disorders remain unclear. One study found that current smokers may have higher craving scores for highly palatable foods, whilst another study found that food addiction was not associated with tobacco use (Berenson et al., 2015; Chao et al., 2017b ). In addition, food addiction and binge eating frequently co-occur Gearhardt et al., 2013; Gearhardt et al., 2012) , and food addiction may predict binge-eating frequency more accurately than other factors related to binge-eating, such as negative affect eating disorder psychopathology (Gearhardt et al., 2012) . Thus, these findings suggest that food addiction and disorders with binge-eating are overlapping, yet distinct constructs . In addition, exposure to severe physical and sexual abuse during childhood was associated with a higher risk to develop food addiction among women (Mason et al., 2013) .
Moreover, the independent associations of food addiction and different quality of life (QoL) domains in non-clinical samples remain unclear.
Although skin picking disorder (SPD) and trichotillomania (TTM) are currently classified in the DSM-5 as obsessive-compulsive and related disorders , a growing body of evidence indicates that these disorders share epidemiological, phenomenological, and neurobiological characteristics with SUDs and gambling disorder (Chamberlain et al., 2016;  Figee et al., 2016) . Therefore, some experts have proposed that skin picking disorder and trichotillomania could also be conceptualized as 'behavioral addictions' taking into account trans-diagnostic frameworks, such as the NIMH Research Domain Criteria (Chamberlain et al., 2016; Cuthbert and Insel, 2013) . In addition, a recent study suggests that higher food addiction scores may be associated with detrimental psychopathological correlates in a treatment-seeking sample with gambling disorder (Jimenez-Murcia et al., 2017) . However, no study has investigated associations of food addiction with skin picking disorder and trichotillomania.
Given the aforementioned gaps in the literature, the current study had three aims: (1) to estimate the prevalence and sociodemographic correlates of food addiction in a large web-based Brazilian sample; (2) to assess psychopathological correlates of food addiction including a positive screen for nicotine dependence, alcohol use disorder, major depressive episode, bipolar spectrum disorder, SPD, trichotillomania, and early life trauma with validated self-report measures; and (3) to determine the independent association of food addiction and QoL domains.
We hypothesized that food addiction could be prevalent in our sample (which is derived from a LMIC i.e. Brazil), and that significant associations between food addiction and a positive screen for affective disorders, alcohol use disorder, nicotine dependence, SPD, and TTM. Finally, we hypothesized that the participants with food addiction could have a more impaired QoL compared to those without food addiction after multivariable adjustment to sociodemographic and psychopathological confounding variables. . This website provides an encrypted and confidential platform for data collection. The research ethics committee of the Hospital Universitário Walter Cantídio (HUWC) approved the procedures for online data collection under the protocol number 1.058.252. To access the surveys, participants were required to be at least 18 years old and to sign a digital informed consent form. Validation and attention questions throughout the protocol were employed to assess data quality. Examples of questions included for example "How old are you?" and "How much attention are you paying while answering to this survey?". Consistency of responses were verified (i.e., participants had previously provided their dates of birth), and also participants who indicated that they were not paying adequate attention to the questionnaires were excluded.
Methods

Sample selection
Therefore, this study included participants who had provided valid responses to these questions.
From the initial sample, 9,585 participants answered the complete survey, and after quality checking 7,639 subjects remained eligible and were included in the analyses (response rate: 79.7%). There were no statistically significant differences between participants who were not included in the final sample compared to those that did not pass our quality check in sociodemographic variables (data available upon request to the authors).
This online survey collected sociodemographic data (age, sex, educational level, ethnicity, marital status, religious affiliation, occupation, and gross monthly income). In addition, this web-based platform included several validated psychological and psychiatric measures, which are described below.
Measures
Modified Yale Food Addiction Scale 2.0 (mYFAS 2.0)
The presence of addiction was assessed with the validated Brazilian version of the mYFAS 2.0 (Paulo Nunes-Neto MD, submitted), a self-report instrument composed of 13 Likert-type items.
Eleven items are based on DSM-5 criteria for SUDs, while the remaining 2 items refer to the clinical significance of the symptoms. In addition to screening for the presence of food addiction, which requires the presence of at least two symptoms plus impairment or distress, the mYFAS 2.0 also rates the severity of food addiction as mild (2-3 symptoms plus impairment or distress), moderate (4-5 symptoms plus impairment or distress), or severe (more than six symptoms plus impairment or distress). The Cronbach's alpha coefficient of the mYFAS 2.0 in the current sample was 0.89 (95% CI: 0.89-0.90).
Patient Health Questionnaire-9 (PHQ-9)
Depressive symptoms were assessed with the validated Brazilian Portuguese version of the PHQ-9 . The PHQ-9 questionnaire is a self-report instrument that employs the nine DSM-IV symptom-based criteria for screening of major depressive episodes (Kroenke et al., 2001) . A positive screening for a major depressive episode was established based on an algorithm in accordance with the validation study of the Brazilian Portuguese version of the PHQ-9, which was performed in the general population . Question 9 of the PHQ-9 (i.e. "Having thoughts that you would be better off dead, or of hurting yourself on at least 2 days over the past 2 weeks") was used to screen for the presence of suicidal ideation (Choi and Lee, 2017) .
Hypomania Checklist (HCL-32)
The HCL-32 investigates the presence of a wide range of (hypo) manic symptoms with 32 yes/no questions (Angst et al., 2005) . Participants were asked to focus on the 'high' periods and to indicate whether hypomanic manifestations were present during this state. In addition, the HCL-32 includes eight severity and functional impact items related to the duration of episodes and to positive and negative consequences over different areas of functioning. We used the validated
Brazilian Portuguese version of the HCL-32 with the recommended cutoff of 19 for non-clinical samples (Soares et al., 2010) . In addition, for a positive screening for a bipolar spectrum disorder, participants had to endorse an impairment in at least one area of functioning due to the presence of hypomanic symptoms. A previous meta-analysis supports the accuracy of the HCL-32 for the screening of bipolar spectrum disorders (Carvalho et al., 2015) .
Fagerström Test for Nicotine Dependence (FTND)
We used the validated Portuguese version of the FTND to screen for the presence of DSM-IV nicotine dependence.(de Meneses-Gaya et al., 2009) The FTND is a six-item self-report questionnaire with scores ranging from 0 to 10 (Heatherton et al., 1991) . A cutoff score of 4 on the FTND was considered as indicative of nicotine dependence in the current study (de Meneses-Gaya et al., 2009).
Alcohol Use Disorders Identification Test (AUDIT)
We used the validated Brazilian Portuguese version of the AUDIT to screen for the presence of alcohol use disorders (Lima et al., 2005) . The AUDIT is a 10-item self-report questionnaire developed by the World Health Organization (WHO) to screen for the presence of alcoholism (formerly referred to as hazardous or harmful alcohol consumption) (Saunders et al., 1993) . In this study, a score ≥ 8 was considered indicative of the presence of an alcohol use disorder (Saunders et al., 1993) .
Skin Picking Stanford Questionnaire (SPSQ)
The SPSQ is self-report measure consisting of 13 questions that address the phenomenology of SPD using a yes/no/don't know format (Keuthen et al., 2010; Monzani et al., 2012) . We decided a priori to eliminate from the original version of the questionnaire the question "Could you write the name of that medical condition?", which refers to a possible underlying medical condition
that could explain the skin picking behavior. This question is not essential to the case definition of SPD based on DSM-5 criteria (American Psychiatric Association, 2013) . However, we maintained the question, "Do you pick your skin because it is inflamed or itchy due to a medical condition?" consistent with the DSM-5 exclusion criterion. This modified version of the SPSQ has been validated for use in Brazilian samples (Myrela O. Machado MD, submitted).
Minnesota Impulse Disorders Interview (MIDI)
The used the TTM module of the MIDI as self-report screening instrument (Christenson et al., 1994; Odlaug and Grant, 2010a) . For the purposes of the present study, we used the validated Brazilian TTM module of the MIDI (Myrela O. Machado MD, in preparation) to screen for the presence of lifetime TTM.
Symptom Checklist-90-Revised Inventory (SCL-90R)
We used the Brazilian Portuguese version of the Symptom Checklist-90-Revised inventory (SCL-90R) to assess psychopathological dimensions (Carissimi, 2011; Derogatis and Melisaratos, 1983) . Briefly, the SCL-90R is a 90-item 5-point Likert-type inventory, which assesses several psychopathological dimensions namely somatization, obsessive-compulsive, interpersonal sensitivity, depression, anxiety, hostility, phobic anxiety, paranoid ideation, and psychoticism.
Early Trauma Inventory Self Report -Short Form (ETISR-SF)
We used the validated Brazilian Portuguese version of the ETISR-SF to assess exposure to early trauma (Osorio et al., 2013) . This is a self-report instrument consisting of 27 items grouped into four dimensions (general trauma, physical abuse, emotional abuse, and sexual abuse) (Bremner et al., 2007) .
World Health Organization Quality of Life Instrument-Abbreviated version (WHOQOL-Bref)
We used the validated Brazilian Portuguese version of the WHOQOL-Bref to assess QoL in the current study (Fleck et al., 2000) . This instrument consists of 26 items assessing QoL in four dimensions, namely physical, psychological, social, and environment QoL (WHOQOL-Group, 1998) . Each item is rated on a 5-point Likert-type scale, and scores are transformed on a scale from 0 to 100, with higher scores indicating higher QoL.
Statistical analysis
All statistical analyses were carried out in SPSS (IBM, US) version 22.0 for Windows.
Continuous variables are presented as means ± standard deviations (SD). The Kolmogorov-Smirnov test was used to assess whether variables displayed a normal distribution.
Sociodemographic and psychopathological variables were compared between participants with versus those without food addiction. Normally distributed continuous variables were compared using independent samples Student's-t-test. Categorical variables were compared using Pearson's chi-square (χ 2 ) or Fisher's Exact Test as appropriate.
The associations of food addiction (dependent variable) and a positive screen for a major depressive episode, bipolar spectrum disorder, alcohol or tobacco use disorder, suicidal ideation, SPD, trichotillomania, early life trauma, and SCL-90R psychopathological domains were assessed using separate multivariable logistic regression models. For the association of food presence of a positive screen for a major depressive episode, bipolar spectrum disorder, suicidal ideation, nicotine dependence, alcoholism, and SPD. We estimated the effect size of statistically significant associations of food addiction and QoL domains with partial eta squared (η p 2 ); effect sizes was regarded as small, medium and large when 0.01 < η p 2 < 0.06, 0.06 ≤ η p 2 < 0.14, and η p 2 ≥ 0.14, respectively (Cohen, 1992) . Statistical significance was set at an alpha level of 0.05.
Results
Prevalence and sociodemographic correlates of food addiction
The prevalence of food addiction in the current sample was 4.32% (95% CI: 3.89-4.80%); the prevalence rates of mild, moderate, and severe food addiction, respectively, were 1.02% (95%CI: 0.82-1.27%), 1.20% (95%CI: 0.98-1.48%), and 2.09% (95%CI: 1.80-2.44%) . The prevalence of food addiction was significantly higher among females (Table 1) (Table 1) .
<Insert Table 1 here>
Psychopathological correlates of food addiction
Participants with food addiction were significantly more likely to have a positive screen for a major depressive episode, bipolar spectrum disorder, SPD, and suicidal ideation. However, only the associations with a major depressive episode (OR adj =4.41), bipolar spectrum disorder (OR adj =1.98), and SPD (OR adj =2.02) survived multivariable adjustment to sociodemographic variables, while the association with suicidal ideation was rendered non-significant (Table 2) .
Participants with food addiction did not significantly differ from those without food addiction regarding the prevalence of co-occurring positive screens for nicotine dependence, alcohol use disorder, and trichotillomania (Table 2) .
After multivariable adjustment for sociodemographic variables, participants with food addiction had significantly higher scores on the SCL-90R psychopathological dimensions of interpersonal sensitivity, depression, and hostility, whilst scores on the paranoid ideation dimension was significantly lower compared to participants without food addiction (Table 2) .
Participants with food addiction had significantly higher scores in the ETISR-SF physical abuse, psychological abuse, and sexual abuse domains (Table 2) . However, only associations of food addiction with psychological abuse and sexual abuse domains survived multivariable adjustment to sociodemographic and psychopathological confounders ( Table 2) .
<Insert Table 2 here>
Associations of food addiction and quality of life domains M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
Participants with food addiction had significantly reduced physical, psychological, social, and environment QoL domains after multivariable adjustment to sociodemographic and psychopathological co-variates (all P < 0.001; Figure 2 ). Effect sizes of those associations were large (η p 2 = 0.342 for physical QoL; η p 2 = 0.451 for psychological QoL; η p 2 = 0.202 for social QoL; and η p 2 = 0.241 for environment QoL). However, there were no statistically significant differences on WHOQOL-Bref domains emerged when participants with food addiction were stratified according to severity (i.e., mild, moderate or severe). These data are available upon request to the authors.
<Insert Figure 1 here>
Discussion
The prevalence of food addiction was found to be 4.32% in our sample, and was more prevalent among females. Most epidemiological studies of food addiction to date have been conducted in the US, with a few performed in other developed nations (Pursey et al., 2014) . It has been hypothesized that food addiction may at least partly contribute to the obesity epidemic (Schulte et al., 2015; Volkow et al., 2013a, b) . The prevalence of food addiction was lower in our sample compared to previous studies (Pursey et al., 2014) . This difference may be due to the inclusion of clinical samples seeking treatment for overweight/obesity in several previous surveys (Pursey et al., 2014) . Furthermore, in 2015 the prevalence of obesity among adults was higher in the US than in Brazil, which might account for this difference (Afshin et al., 2017) . Our findings are in agreement with previous studies that observed a higher prevalence of food addiction among females (Pursey et al., 2014) , which may also contribute to the higher global prevalence of obesity among females (Afshin et al., 2017) . Although potential mechanisms underlying a higher M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT 12 prevalence of food addiction among females are likely multifactorial, there is preclinical and clinical evidence for gender-related differences in craving to highly palatable foods that could be at least partly mediated by effects of sex hormones on brain reward circuits (see Hallam et al. (2016) for a wider discussion).
We observed a higher prevalence of a positive screening for a major depressive episode, bipolar spectrum disorder, and SPD in participants with food addiction compared to those without food addiction. Several earlier reports found an association of food addiction with depressive symptoms though many of those previous studies were conducted in clinical samples (Chao et al., 2017a; Gearhardt et al., 2009b; Gearhardt et al., 2013; Granero et al., 2014) . Thus, our data provide further support for this association in a large non-clinical sample. To our knowledge, no previous study has examined the co-occurrence of food addiction as defined by the YFAS and bipolar disorder. However, our data is consistent with a previous hypothesis that altered reward circuits in the brain may contribute to compulsive overeating in people with bipolar disorder (McIntyre et al., 2007) . Functional aberrations in the functioning of the hypothalamic-pituitary-adrenal (HPA) axis may also in theory contribute to the meaningful cooccurrence of food addiction and a positive screen for mood disorders observed in our sample although more conclusive evidence is awaited (Belvederi Murri et al., 2016; Kalon et al., 2016; Parker et al., 2003) . Furthermore, a high prevalence of co-occurring binge-eating disorder and bulimia nervosa, which are related to food addiction, has been observed among patients with bipolar disorder (McElroy et al., 2016; Woldeyohannes et al., 2016) . The association of food addiction and SPD provides some support to recent theoretical frameworks that conceptualize SPD as a behavioural addiction (Chamberlain et al., 2016; Odlaug and Grant, 2010b) . However, the prevalence of trichotillomania was not significantly higher among participants with food M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT 13 addiction, perhaps reflecting different neurobiological mechanisms compared to SPD (Chamberlain et al., 2016) . Interestingly, a previous report found a high prevalence of SPD but not of trichotillomania in a clinical sample of morbidly obese patients (Schmidt et al., 2012) .
Finally, contrary to our hypothesis, in our sample food addiction was not associated with a higher prevalence of alcohol use disorder or nicotine dependence. However, these data are in accordance to previous studies conducted in clinical (Berenson et al., 2015; and non-clinical (Gearhardt et al., 2009b) samples. A previous large-scale epidemiological study found that a family history of alcoholism had a lower influence on drinking behavior in obese compared to non-obese individuals (Gearhardt and Corbin, 2009 ). In addition, food addiction and alcohol/nicotine use disorders may to some extent engage shared neurobiological mechanisms although those conditions may also be viewed as competing addictions as proposed by McIntyre et al. (2007) . Nevertheless, further neurobiological investigations are warranted to explore potential mechanisms underpinning the epidemiological observations herein verified.
We observed that food addiction was independently associated with early life physical and sexual abuse. This finding is consistent with a previous prospective investigation that verified that a history of child abuse increases the risk of food addiction among women (Mason et al., 2013) . Moreover, a recent cross-sectional study observed a significant association of childhood maltreatment and food addiction in a clinical sample (Imperatori et al., 2016) . A metaanalysis indicates that childhood maltreatment could be a risk factor for obesity (Danese and Tan, 2014) . Future studies are warranted in order to test whether food addiction may mediate the association of early life trauma and obesity. This study has several limitations. First, we enrolled a convenience web-based sample with a predominance of young females that may not be representative of the Brazilian population, and thus selection bias cannot be ruled out. Second, although we used validated selfreport measures in our study, a positive screen for food addiction or other co-occurring disorders was not confirmed with a clinical diagnosis. Third, in this web-based survey we could not reliably assess body mass index as a surrogate measure of overweight/obesity, whilst constructs related to food addictions (e.g. weight cycling or binge-eating) were not measured in the current study. Fourth, the cross-sectional design of the current study precluded the establishment of causal inferences. On the other hand, strengths of our study include the recruitment of a large sample, and the employment of validated instruments with a widespread use in the scientific community. Furthermore, anonymous participation by internet provides a setting with low desirability bias to answer these instruments.
In conclusion, this survey suggests that food addiction is a common condition in a middle-income country like Brazil although prevalence rates may be lower compared to the US.
Furthermore, food addiction was associated with a higher prevalence of a positive screen for depression, bipolar spectrum disorder, and skin picking disorder. Finally, food addiction appeared to have an independent detrimental effect on all QoL dimensions assessed in this study.
Efforts towards the early recognition and treatment of food addiction are warranted, while future studies may assess whether food addiction may mediate the well-known association of mood M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT disorders and obesity (de Melo et al., 2017; Liu et al., 2013; Liu et al., 2014) . Finally, the putative associations of food addiction and other behavioural addictions and impulse control disorders are relevant research directions opened by the current study. 0.008 Abbreviations: AUDIT = Alcohol Use Disorders Identification Test; BSD = bipolar spectrum disorder; ETISR-SF = Early Trauma Inventory Self Report -Short Form); FTND = Fagerström Test for Nicotine Dependence; HCL-32 = Hypomania Checklist; MDE = major depressive episode; PHQ-9 = Patient Health Questionnaire-9; SCL-90R = Symptom Checklist 90 revised. a Adjusted for age, gender, education, ethnicity, religion, family history of mental disorders, lifetime history of psychotropic medication use and gross monthly income. b Adjusted additionally for a positive screen for a MDE, BSD, nicotine dependence, alcohol use disorder, and skin picking disorder. c Per unity increase in dimension score. d Bold values are significant at a 5% alpha level after Bonferroni correction for multiple comparisons. 
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